Guanosine diphosphate fucose (GDP-fucose) is the substrate for the fucosyl transferases involved in the biosynthesis of blood group substances and other tissue antigens. In mammals,1'2) higher plants3>4) and certain bacteria5>6) this sugar nucleotide is synthesized by complicated enzyme systems. Evidence is presented showing that GDP-4-keto-6-deoxy-D-mannose is an intermediate in the conversion of GDP-mannoseto GDP-fucose and this conversion requires NADPH.The preparation of GDPfucose was reported using cell-free extracts of Aerobacter aerogenes.5) The chemical synthesis of this nucleotide was also reported.7) However, these preparative methods are not efficient and provide only a small amount of GDPfucose. This nucleotide has been used as an analytical reagent for identification of rare blood groups such as the Bombay type. In the present work, we describe the convenient preparation of a large amount of GDP-fucose by using microbial enzymes. GDP-mannosewas prepared from GMPby the fermentative method described previously.8) The reaction system contained 200jumol of GMPNa2, 8.0mmol of glucose, 3.6 mmol of potassium phosphate buffer, pH 7.0, 200 /rniol of MgSO4and 1 g of air-dried cells of baker's yeast in a total volumeof 10ml. The reaction was carried out at 28°C with shaking for 10hr using twenty large test tubes (25 x 200mm) and terminated by immersing the tubes in boiling water for 5min. Cells were centrifuged off and the combinedsupernatants were then treated with charcoal, followed by elution with 50% ethanol containing 5% NH4OH.The eluate was concentrated by evaporation under reduced pressure and applied to a column of Dowex 1 x 2 (Cl~form). GDP-mannose was eluted with 0.01 n HC1-0.12M NaCl solution. For screening, bacteria were cultivated in a medium containing 1.0% casamino acid, 0.5% yeast extract, 0.3% K2HPO4, 0.1% KH2PO4 and 0.5% glucose5) at 28°C for 16hr on a reciprocal shaker. After harvesting by centrifugation, the cells were suspended in 0.01 m Tris-HCl buffer, pH 7.5, and disrupted by sonication for 15min.
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The broken cell suspension was centrifuged and to the supernatant was added ammonium sulfate to 35~80% saturation. The resulting precipitate was dissolved in 0.01 m Tris-HCl buffer, pH 7.5, and dialyzed overnight against the same buffer. The dialyzed solution was used as the enzyme preparation. The most convenient method for assaying the enzyme is spectrophotometric determination of NADPH oxidation which accompanies the conversion of GDP-mannoseto GDP-fucose. The assay was carried out at 25°C in a cuvette containing 0.6/imol of GDPmannose, 0.6/miol of NADPH, 60/miol of Tris-HCl buffer (pH 7.5) and the enzyme protein in 3ml. Another method for assaying the enzyme is determination of GDPfucose which was separated by paper chromatography.
The reaction mixture consisted of 3.0/miol of GDPmannose, 1.2/miol of NADPH,200/imol of Tris-HCl buffer (pH 7.5), 10/anol of glucose-6-phosphate and the enzyme protein in 1 ml. Glucose-6-phosphate was required for the generation system of NADP-NADPH by glucose-6-phosphate dehydrogenase which was presumed to be contained in the cell extract. Incubation was carried out at 30°C and stopped by heating in boiling water for 3min. Analiquot of the reaction mixture was chromatographed with a solvent system of 95%ethanol-1 m ammonium acetate (2 : 1, pH 7.5),9) and the ultraviolet-absorbing spot corresponding to GDP-fucose was cut out and extracted. In order to find microorganisms which have high enzyme activity for the formation of GDP-fucose, we examined bacteria, molds and yeasts in our collection. GDP-fucoseforming activity was found in some bacteria including Aerobacter aerogenes5) and Agrobacterium radiobacter, but could not be found in molds or yeasts. Wefound that the activity of Agrobacterium radiobacter was higher than that of Aerobacter aerogenes.5) So, we prepared GDP-fucose on a large scale using the crude enzymesofA. radiobacter. In a typical experiment, 70/miol of GDP-mannose was incubated with 24/miol of NADPH, 600 /miol of Tris-HCl 175[ buffer (pH 8.0), 60^11101 of glucose-6-phosphate and the crude enzyme preparation of A. radiobacter (about 200 mg of protein) in a total volume of 50ml. The reaction was carried out under stationary conditions at 30°C for 5 hr. Paper chromatography of the nucleotides in aliquots of the reaction mixture at various times during the incubation showed decreasing amounts of GDP-mannose ( Fig. 1) and the appearance of a new ultraviolet-absorbing compound in the area above GDP-mannose. This part of the paper chromatograms was eluted with 0.01 n HC1and heated at 100°C for 15min to hydrolyze the compound. This treatment liberated a sugar having an Rf identical with that of fucose when chromatographed with a solvent system of ethylacetate-water-pyridine (4 : 2 : 4)10) followed by spraying with AgNO3 reagent. Then, the reaction mixture after 5 hr incubation was heated in boiling water for 5 min and then cooled. After the denatured protein was removed by centrifugation, the nucleotides in the supernatant were adsorbed on charcoal and eluted with 50% ethanol containing 5% NH4OH.The eluate was reduced in volume by evaporation and applied to a column of Dowex 1 x 2 (chloride form). The column was washed with water and then with 0.01 n HC1, and then eluted with a gradient of0 to 0.5m NaCl in 0.01 n HCLGuanosine and NADP (H) were separated from GDP-sugars by this column chromatography, but GDP-mannoseand GDP-fucose were not separable. Then, the eluate containing both sugar nucleotides was chromatographed with ethanol-ammonium acetate solution and GDP-fucose was eluted from the chromatogram with water. The isolated nucleotide exhibited a typical ultraviolet absorption spectrum of guanosine derivatives. The sugar liberated by mild acid hydrolysis exhibited the characteristic 400nm absorption peak when subjected to the specific test for 6-deoxyhexoses.U) Mannose did not yield a chromophore in this test. Additional evidence for the identity of fucose was the absorption spectrum corresponding to that of authentic fucose after the phenol-sulfuric acid reaction.12) The sugar liberated from this nucleotide has absorption maximaat 330, 440 and 480nm, and the absorbance at 330nm is higher than the absorbances of the other peaks, which is characteristic of fucose (Fig. 2) . The isolated nucleotide was incubated at 37°C for 2 hr with blood serum of group O which had fucosyltransferase and red cells of the Bombay type, the antigen of which had no fucosyl moiety because of a lack of fucosyltransferase in the serum. The cells of the Bombaytype were not agglutinated with anti-H. But after the incubation, they showed anti-H activity, which was evidence for the binding of L-fucose from GDPfucose to the antigen of red cells of the Bombaytype.
